SUMMARY Patterns of lower oesophageal sphincter (LOS) function associated with the onset of 644 reflux episodes were recorded and analysed in 67 patients referred for evalution of gastrooesophageal reflux (GOR). Patients were studied recumbent, for one hour before and four hours after a standard meal. Transient LOS relaxation was the most prevalent mechanism and overall accounted for 82% of reflux episodes. With increasing severity of oesophagitis, absent basal LOS pressure became a progressively more common mechanism, accounting for 23% of episodes in the patients with severe oesophagitis. Patients commonly exhibited more than one mechanism. The timing of most (69%) LOS relaxations associated with reflux was not compatible with triggering by swallowing. Prolonged transient LOS relaxations were associated with inhibition of oesophageal peristalsis suggesting that this response is produced by neural inhibition. This study suggests the primary importance of transient LOS relaxations as the cause of GOR across the spectrum of severity of reflux disease.
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For many years gastrooesophageal reflux (GOR) was generally believed to result from lower oesophageal sphincter (LOS) incompetence caused by defective basal LOS tone.'`This concept, however, fails to account for the substantial proportion of patients with reflux disease in whom resting LOS pressure is normal.7 A recent study has shown that GOR in normal subjects occurs almost exclusively as a result of transient LOS relaxation, rather than from defective basal LOS pressure.8 In a subsequent study of 10 selected patients with erosive peptic oesophagitis, transient LOS relaxation accounted for 65% of reflux episodes, the remainder of reflux episodes occurring during prolonged periods of absent or low basal LOS pressure. 9 The aims of the present study were to: (a) investigate possible variation in the mechanisms of GOR within a large group of patients exhibiting a spectrum of severity of reflux disease: and (b) analyse in detail, patterns of oeso-full monitoring period because of intolerance to the catheter assembly. EVALUATION 
Results

ACID REFLUX PATTERN
Overall, the results of oesophageal pH monitoring supported the grouping of patients based on the clinical and endoscopic assessment of the severity of GOR disease. Patients in Groups B, C, and D judged to have symptomatic GOR, had significantly more postprandial oesophageal acid exposure than did patients in Group A judged not to have symptomatic reflux disease (p<001) (Table) . The patients with reflux disease exhibited a progressive increase in postprandial reflux rate and oesophageal acid exposure with increasing severity of oesophagitis but differences among these latter three groups were not statistically significant. The reflux rate and duration of acid exposure increased significantly after the meal in all groups.
RELATIONSHIP OF LOS PRESSURE TO REFLUX
Lower oesophageal sphincter pressure during the period surrounding each reflux episode could be analysed in 644 of 691 episodes (93%). The remaining 7% could not be analysed because of movement arte- In the 5% of instances when reflux occurred in the presence of detectable LOS pressure (type 3) the reflux occurred simultaneous with pressure transients generally caused by deep inspiration but occasionally by coughing or straining (Fig. 2) . Resting LOS pressure at the time of these pressure transients was almost invariably low (<5 mmHg), and there was usually manometric evidence of an hiatal hernia. Reflux was not observed when strains occurred while LOS pressure was >10 mmHg.
The proportion of reflux episodes associated with the three types of reflux mechanism differed significantly among the study groups (X2=55.21 p<001) (Fig. 3) . The Group A patients refluxed exclusively via the type 1 mechanism. This mechanism was also the most common pattern associated with reflux episodes occurring in patients with reflux disease. With which the LOS showed a normal contraction after swallow induced relaxation, but then exhibited immediate complete relaxation (Fig. 4) occur during LOSRs associated with defective oesophageal peristalsis (failed primary peristalsis), in which swallowing appeared to induce LOS relaxation but either failed to elicit any detectable peristalsis, or the peristaltic wave failed to traverse the entire oesophageal body. These LOSRs were of longer duration than those associated with normal peristalsis. Rarely (3%), reflux occurred during LOSRs associated with a salvo of swallows in rapid succession (multiple swallows). Lastly, reflux episodes were associated occasionally with a gradual loss of basal LOS pressure during an interval of up to 30 seconds. These episodes, classified as LOS pressure drifts as opposed to LOSRs, accounted for 11% of type 1 reflux episodes and invariably occurred in a setting of low basal LOS pressure of around 5-10 mmHg.
The distribution of mechanisms underlying type 1 reflux episodes among the different patient groups is depicted in Figure 5 . Although there were no significant differences amongst the groups, with increasing severity of reflux disease there was a tendency for a greater proportion of reflux episodes to result from slow downward LOS pressure drifts and swallow induced LOSRs.
Reflux episodes that occurred when baseline intraoesophageal pH was less than 4 were associated with the same patterns of LOS pressure changes as those observed with other reflux episodes. Downward drifts in oesophageal pH, however, occurred without any associated LOS relaxation or straining. They usually occurred in a setting of resting intra- (Fig. 6 ). In the other 91% of swallows during these prolonged LOSRs, the peristaltic wave was usually observed at only the most proximal oesophageal lead.
BASAL LOS PRESSURE
An inverse relationship existed between basal LOS pressure and the severity of reflux disease. However, The horizontal bars indicate thepercentage ofperistaltic sequences in which a contraction was recorded at that recordingsite. The asterisk indicates that the mostproximal recordingsite was located in theproximal oesophagus in only five instances. In the rest, the oesophageal body was too short topermit allfour recording sites to be in the oesophageal body.
only mean basal LOS pressure in Group D patients (9.7 (2.1) mmHg) differed significantly from that in group A patients (16.0 (2.5) mmHg, p<0.01). Basal LOS pressure decreased immediately after the meal in all groups, however, a tendency existed for LOS pressure to return to and exceed fasting values after the second postprandial hour.
Discussion
In this study of a large heterogeneous group of patients with symptomatic GOR we have examined in detail the oesophageal motor events surrounding episodes of acid reflux. Our findings indicate that transient LOSRs are the major mechanism of reflux in patients with severe ulcerative peptic oesophagitis as well as symptomatic GOR disease. The proportion of reflux episodes occurring via this mechanism in patients with erosive of ulcerative eosophagitis is similar to the 55% we observed in our previous study of 10 patients with oesophagitis of comparable severity. 9 The finding that patients judged not to have symptomatic GOR refluxed exclusively during transient LOSRs is in keeping with the findings of our previous study in normal subjects.' Furthermore, the mix of patterns of transient LOSR, the rate of reflux episodes and the duration of acid exposure were comparable with those in the normal subjects. Thus whilst the patients in Group A are not strictly control subjects, they are nevertheless a useful control group with which to compare to other patients with reflux disease.
As noted by others,5 basal LOS pressure was lower in patients with severe degrees of oesophagitis. Additionally, absent basal LOS pressure became a progressively more important mechanism of reflux the more severe the oesophagitis. The actual proportion of reflux episodes that occurred by this mechanism was small, however, even in patients with severe oesophagitis, and only one patient refluxed exclusively by this means. In all patients who had absence of basal pressure, this was an intermittent phenomenon, but they continued to reflux during periods of detectable LOS pressure because of LOSRs. This finding provides a possible explanation for the failure of drugs that raise basal LOS pressure to control reflux,'3 and suggests that the pharmacotherapy of disordered motor function in reflux disease would be better directed at control of transient LOSRs than towards augmentation of basal LOS pressure.
Detailed analysis of oseophageal motility surrounding the reflux events, revealed six principle patterns of LOS relaxation. Consistent with our previous findings89 and those of others'4 in normal subjects, the majority of LOSRs were not directly preceded by a pharyngeal swallow signal. This finding, however, is at variance with two recent studies which have suggested that the majority of reflux episodes are directly related to swallowing.'5`6 The reason for this disparity is not readily apparent, but may result in part from suboptimal methodology and data analysis in the previous studies. One of these studies was severely limited by recording methods because the single side hole sensor used to record LOS pressure was considered to have monitored LOS pressure adequately during only 18% of the reflux episodes.'5 In the other study,'6 details of the analysis of the timing of swallowing relative to the onset of the reflux episode were not specified. The basal LOS hypotonia present in some patients with peptic oesophagitis, has been ascribed to either dysfunction of the circular smooth muscle24 or defective tonic neural control.' Absent basal LOS pressure was never present consistently throughout the study period in any of our patients, all of whom manifested at some time detectable LOS pressure sufficient to prevent reflux. Indeed many patients with undetectable fasting or immediately postprandial basal LOS pressures subsequently developed considerable LOS pressure. This pressure was often in the region of 15 to 20 mmHg in the second or third postprandial hour and was maintained until the end of the study. Thus, the sphincter muscle in these patients was capable of normal contraction for sustained periods of time, indicating adequate contractility of the LOS smooth muscle, thereby implying a defect in neural control. Defective neural control of basal LOS pressure also provides a plausible explanation for the increased prevalence of LOS pressure drifts that we observed in patients with low basal LOS pressure.
Based on the findings of this study, we propose that excessive reflux in gastrooesophageal reflux disease may be caused, at least in part, by a spectrum of deranged neural control of LOS pressure. At one end of the spectrum, basal LOS pressure is normal but an abnormally high reflux rate occurs because of an increased sensitivity of the neural control mechanisms that trigger transient LOSRs. At the other end of the spectrum, gross LOS hypotonia reflects, at least in part, a persistent defect in the neural mechanisms which maintain basal LOS pressure. Between these poles of the spectrum, are patients who have a partial defect in the neural mechanisms that normally maintain basal LOS pressure resulting in intermittent episodes of absent basal LOS pressure and an increased tendency for LOS pressure to drift transiently to excessively low values. 
